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(57)Abstract: .<*., 
PROBLEM TO BE SOLVED: To provide a charging f; 
device for a lithium ion secondary cell and charging 
method of the same which can efficiently charge a set of 
cells composed of a plurality of serially connected 
lithium ion secondary cells at low cost during stand-by 
in a state of float charging. 
SOLUTION: The set of cell 1 is charged by a first 
charging device 2 with a constant current until some of 
lithium ion secondary cells 1-1 to 1-n get into a state of 
full charge. The charging by the first charging device 2 is 
stopped when one cell gets into a state of full charge. 
Afterwards, respective terminals of the lithium ion 
secondary cells 1-1 to 1-n are selected by a switch 
circuit 5 and every cells of the lithium ion secondary 
cells 1-1 to 1-n composing the set of cells are 
successively charged until they get into a sate of full 
charge while monitoring respective terminal voltage. By 
the above, respective lithium ion secondary cells 1-1 to 
1-n composing the set of cells 1 are fully charged 

without overcharge, and the set of cells 1 is brought in a state of full charge. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)3 

[Claim 1]ln charging equipment for charging a cell group which consists of two or more 
rechargeable lithium-ion batteries by which the series connection was carried out, The first 
charging equipment that charges said cell group, and a switch switching means for choosing a 
terminal of each rechargeable lithium-ion battery which forms said cell group, Rechargeable 
lithium-ion battery charging equipment which having had the second charging equipment that 
charges two or more rechargeable lithiurrHon batteries which form said cell group while 
monitoring voltage of a terminal with said selected switch switching means for every cell, and 
constituting. 

[Claim 2]In rechargeable lithium-ion battery charging equipment indicated to claim 1 , said first 
charging equipment, Charge until any one of two or more rechargeable lithium-ion batteries 
which form said cell group will be in a full charge state, and said cell group said second charging 
equipment, When any one of two or more rechargeable lithium-ion batteries which form said cell 
group changes into a full charge state. Rechargeable lithium-ion battery charging equipment 
charging at a time one cell of other rechargeable lithium-ion batteries which have not resulted in 
a full charge state among said two or more rechargeable lithium-ion batteries. 
[Claim 3]In charging equipment for charging the first and the second cell group by which are cell 
groups which consist of two or more rechargeable lithium-ion batteries by which the series 
connection was carried out, and multiple connection was carried out mutually, The first charging 
equipment that charges said first cell group and the second cell group, The first switch switching 
means for choosing a terminal of each rechargeable lithium-ion battery which forms said first cell 
group, The second switch switching means for choosing a terminal of each rechargeable lithium- 
ion battery which forms said second cell group, Two or more rechargeable lithium-ion batteries 
which form said first cell group while monitoring voltage of a terminal with said first selected 
switch switching means are charged for every cell. Rechargeable lithium-ion battery charging 
equipment which having had the second charging equipment that charges two or more 
rechargeable lithium-ion batteries which form said second cell group while monitoring voltage of 
a terminal with said second selected switch switching means for every cell, and constituting. 
[Claim 4]A charging method characterized by comprising the following for charging a cell group 
which consists of two or more rechargeable lithium-ion batteries by which the series connection 
was carried out. 

(a) A step which charges said cell group by constant current until any one of two or more 
rechargeable lithium-ion batteries which form said cell group will be in a full charge state. 

(b) When any one of two or more rechargeable lithium-ion batteries which form said cell group 
changes into a full charge state, A step which charges at a time one cell of other rechargeable 
lithium-ion batteries which have not resulted in a full charge state among said two or more 
rechargeable lithium-ion batteries by constant current, and a step which carries out the float 
charge of said cell group after charging two or more rechargeable lithium-ion batteries which 
form the (c) aforementioned cell group for every cell. 

[Claim 5]Said first charging equipment, By having charged said two or more rechargeable lithium- 
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ion batteries by said second charging equipment. Rechargeable lithium-ion battery charging 
equipment indicated to claim 1 or 2 carrying out the float charge of said cell group on the second 
voltage lower than the first voltage that appears as terminal voltage of said cell group. 
[Claim 6]Said first charging equipment, By having charged two or more rechargeable lithium-ion 
batteries which form said first and the second cell group with said second charging equipment. 
Rechargeable lithium-ion battery charging equipment indicated to claim 3 carrying out the float 
charge of said first and the second cell group on the second voltage lower than the first voltage 
that appears as terminal voltage of said first and the second cell group. 
[Claim 7]At a step which carries out a float charge, said cell group. A lithium ion rechargeable 
battery charging method indicated to claim 4 carrying out the float charge of said cell group on 
the second voltage lower than the first voltage that appears as terminal voltage of said cell 
group by having charged said two or more rechargeable lithium-ion batteries by said second 
charging equipment. 

[Claim 8]Rechargeable lithium-ion battery charging equipment indicated in any 1 paragraph of 
claims 1 thru/or 3 having a means to stop discharge of said cell group when each terminal 
voltage of two or more rechargeable lithium-ion batteries which form said cell group is monitored 
and which terminal voltage falls even to a predetermined value. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the rechargeable lithium-ion battery charging 
equipment and the method for charging a rechargeable lithium-ion battery. Two or more 
rechargeable lithium-ion batteries are the things about the charging equipment and the method 
of performing charge of each single cell in the cell group connected series and in the shape of 
parallel with sufficient balance in detail, It is related with the art of charging cheaply and 
efficiently the cell group used standing by by a charging state by a float charge without using a 
complicated control circuit. 
[0002] 

[Description of the Prior Art]Genera!ly, mobile radio communication apparatus, such as a 
portable telephone and a cordless telephone, is begun, and many rechargeable lithium-ion 
batteries with high volume energy density and weight energy density are used in the video 
camera or the notebook sized personal computer.This rechargeable lithium-ion battery carries 
out the series connection of the plurality, and is used as a cell group, and usually is used as a 
power supply of the above-mentioned electronic equipment 

[0003][Problem(s) to be Solved by the Invention] By the way, charge completion voltage is 
conventionally set as the constant value of per [ 4.1V or 4.2V ] single cell as a charging system 
of a rechargeable lithium-ion battery, After charging with a constant current value and reaching 
charge completion voltage until cell voltage reaches such charge completion voltage, the 
constant current and the constant-potential-charge method which shifts to constant potential 
charge are adopted. If charge completion voltage per single cell is set to 4.1V, for example when 
charging the cell group which consists of n rechargeable lithium-ion batteries (n is arbitrary 
natural numbers) by which the series connection was carried out according to this method, 
constant current charge will be performed to a cell group until the terminal voltage of a cell 
group is set to nx4.1 V. 

[0004]However, if imbalance exists in the terminal voltage between cells, before the terminal 
voltage of a cell group amounts to nx4.1 V, the state where any one cell reaches charge 
completion voltage, and other cells have not reached charge completion voltage will happen. For 
this reason, it is carried out by constant current charge continuing to the cell which reached 
charge completion voltage previously, and there is a problem that the rechargeable lithium-ion 
battery of this cell will be in an overcharging condition. 

[0005]This problem is explained further. If each capacity and internal resistance of a 
rechargeable lithiurrHon battery are always the same when charging the cell group which 
consists of two or more rechargeable lithium-ion batteries by which the series connection was 
carried out by a float charge method, all the rechargeable lithium-ion batteries can be charged 
with sufficient balance. However, dispersion in some exists in the capacity and internal 
resistance of each rechargeable lithium-ion battery actually. Even if the internal resistance of 
each rechargeable lithium-ion battery is the same in the first stage, the internal characteristic of 
a cell changes in connection with the passage of time, and the capacity and internal resistance 
of each rechargeable lithium-ion battery also change with float charges. As a result, the balance 
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on the characteristic of each rechargeable lithium-ion battery will collapse, and the specific 
rechargeable lithium-ion battery which forms a cell group will be in an overcharging condition. 
[0006]lf a cell group reaches a full charge state, constant current charge will be completed, but 
when a specific rechargeable lithium-ion battery will be in an overcharging condition, charge will 
be completed in the state where other rechargeable lithium-ion batteries which form this cell 
group do not reach a full charge state. Therefore, there is also a problem of it becoming 
impossible to fully utilize the capability which these rechargeable lithium-ion batteries hold. Thus, 
according to the conventional charging system, there is a problem that each rechargeable 
lithium-ion battery which forms a cell group cannot be charged with sufficient balance even at a 
full charge state. 

[0007]The place which this invention makes that purpose in light of the above-mentioned 
circumstances, It is in providing the rechargeable lithium-ion battery charging equipment and the 
method of making it possible to charge cheaply and efficiently the cell group which consists of 
two or more rechargeable lithium-ion batteries by which the series connection was carried out, 
when standing by in the state of a float charge. 
[0008] 

[Means for Solving the Problemjln order to solve an aforementioned problem, this invention has 
the following composition. Rechargeable lithium-ion battery charging equipment concerning an 
invention indicated to claim 1 , In charging equipment for charging a cell group which consists of 
two or more rechargeable lithium-ion batteries by which the series connection was carried out, 
The first charging equipment that charges said cell group, and a switch switching means for 
choosing a terminal of each rechargeable lithium-ion battery which forms said cell group, 
Monitoring voltage of a terminal with said selected switch switching means, it had the second 
charging equipment that charges two or more rechargeable lithium-ion batteries which form said 
cell group for every cell, and was constituted. 

[0009] Rechargeable lithium-ion battery charging equipment concerning an invention indicated to 
claim 2, In rechargeable lithium-ion battery charging equipment indicated to claim 1, said first 
charging equipment, Said cell group is charged until any one of two or more rechargeable lithium- 
ion batteries which form said cell group will be in a full charge state, When any one of two or 
more rechargeable lithium-ion batteries with which said second charging equipment forms said 
cell group changes into a full charge state, it charges at a time one cell of other rechargeable 
lithium-ion batteries which have not resulted in a full charge state among said two or more 
rechargeable lithium-ion batteries. 

[0010]Rechargeable lithium-ion battery charging equipment concerning an invention indicated to 
claim 3, In charging equipment for charging the first and the second cell group by which are cell 
groups which consist of two or more rechargeable lithium-ion batteries by which the series 
connection was carried out, and multiple connection was carried out mutually, The first charging 
equipment that charges said first cell group and the second cell group, The first switch switching 
means for choosing a terminal of each rechargeable lithium-ion battery which forms said first cell 
group, The second switch switching means for choosing a terminal of each rechargeable lithium- 
ion battery which forms said second cell group, Two or more rechargeable lithium-ion batteries 
which form said first cell group while monitoring voltage of a terminal with said first selected 
switch switching means are charged for every cell, Monitoring voltage of a terminal with said 
second selected switch switching means, it had the second charging equipment that charges two 
or more rechargeable lithium-ion batteries which form said second cell group for every cell, and 
was constituted. 

[001 1]A lithium ion rechargeable battery charging method concerning an invention indicated to 
claim 4 equips with the following a charging method for charging a cell group which consists of 
two or more rechargeable lithium-ion batteries by which the series connection was carried out. 

(a) A step which charges said cell group by constant current until any one of two or more 
rechargeable lithium-ion batteries which form said cell group will be in a full charge state. 

(b) A step which charges at a time one cell of other rechargeable lithium-ion batteries which 
have not resulted in a full charge state among said two or more rechargeable lithium-ion 
batteries by constant current when any one of two or more rechargeable lithium-ion batteries 
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which form said cell group changes into a full charge state. 

(c) A step which carries out the float charge of said cell group after charging two or more 
rechargeable lithium-ion batteries which form said cell group for every cell. 

[0012]Rechargeable lithium-ion battery charging equipment concerning an invention indicated to 
claim 5, In rechargeable lithium-ion battery charging equipment indicated to claim 1 or 2, The 
float charge of said cell group is carried out on the second voltage lower than the first voltage in 
which said first charging equipment appears as terminal voltage of said cell group by having 
charged said two or more rechargeable lithium-ion batteries by said second charging equipment. 
Rechargeable lithium-ion battery charging equipment concerning an invention indicated to claim 
6, In rechargeable lithium-ion battery charging equipment indicated to claim 3, said first charging 
equipment, By having charged two or more rechargeable lithium-ion batteries which form said 
first and the second cell group with said second charging equipment. The float charge of said 
first and the second cell group is carried out on the second voltage lower than the first voltage 
that appears as terminal voltage of said first and the second cell group. A lithium ion 
rechargeable battery charging method concerning an invention indicated to claim 7, At a step 
which carries out a float charge, said cell group. In a lithium ion rechargeable battery charging 
method indicated to claim 4, The float charge of said cell group is carried out on the second 
voltage lower than the first voltage that appears as terminal voltage of said cell group by having 
charged said two or more rechargeable lithium-ion batteries by said second charging equipment 
Rechargeable lithium-ion battery charging equipment concerning an invention indicated to claim 
8, In rechargeable lithium-ion battery charging equipment indicated in any 1 paragraph of claims 
1, 2, and 3, When each terminal voltage of two or more rechargeable lithium-ion batteries which 
form said cell group was monitored and which terminal voltage fell even to a predetermined 
value, it had a means to stop discharge of said cell group. 

[0013]When two or more rechargeable lithium-ion batteries by which the series connection was 
carried out are charged according to composition of this invention, After it charges by constant 
current and one of cells reaches charge completion voltage until it has applied the first charging 
equipment, it shifts and that cell reaches charge completion voltage. The first charging 
equipment linked to a cell group is separated, and other cells which have not reached charge 
completion voltage with the application of the second charging equipment that can charge a 
single cell are charged to charge completion voltage in order. 
[0014] 

[Embodiment of the InventionjHereafter, the embodiment of this invention is described with 
reference to drawings. The term which it "cell" Comes to set to this embodiment shall express 
each rechargeable lithium-ion battery which forms a cell group. The composition and the 
example of application of rechargeable lithium-ion battery charging equipment concerning this 
Embodiment 1 are shown in drawing 1 . In drawing 1 , the cell group 1 functions as a power supply 
for backup, comprises two or more rechargeable lithium-ion batteries 1-1 by which the series 
connection was carried out - 1-n, and supplies direct current power to the load 4 in an 
emergency. In the following explanation, two or more rechargeable lithium-ion batteries 1-1 - 
each of 1-n which make the cell group 1 are suitably called a "single cell." 
[0015]The first charging equipment 2 is a charging means for charging intratemporally the 
rechargeable lithium-ion battery 1-1 - 1-n which make the cell group 1, and is connected to the 
cell group 1 via the switch S. The second charging equipment 3 is small charging equipment 
which has the charging capacity of the grade that the single cell of the cell group 1 can be 
charged, and is connected to each terminal of the rechargeable lithium-ion battery 1-1 - 1-n via 
the switching circuit 5. The switch S which the switching circuit 5 disconnected the cell group 1 
and the first charging equipment 2, chooses the terminal of each rechargeable lithium-ion 
battery which forms the cell group 1, and was formed on the charge path between the first 
charging equipment 2 and the cell group 1. It comprises the switch S-1 for choosing each 
terminal of the rechargeable lithium-ion battery 1-1 - 1-n which make the cell group 1 - S-n. 
Although not illustrated in particular, in order to control opening and closing of each switch of 
the switching circuit 5, the control section which performs a sequence is provided. 
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[0016]Next, operation of the rechargeable lithium-ion battery charging equipment constituted in 
this way is explained with reference to drawing 2 and drawing 3 . Operation of a series of this 
rechargeable lithium-ion battery charging equipment is performed under control by an above- 
mentioned control section. When charging the cell group 1 which the discharge in an emergency 
finished, the switch S of the switching circuit 5 is first set to ON, and the first charging 
equipment 2 charges the cell group 1 according to constant current. For example, if charge 
completion voltage per single cell is set to 4.1V, as for the cell group 1 with which the series 
connection of the n rechargeable lithium-ion batteries was carried out, charge will be performed 
by the first charging equipment 2 by constant current until the terminal voltage amounts to 
nx4.1 V. The first charging equipment 2 charges the cell group 1 according to constant current 
until any one of two or more rechargeable lithium-ion batteries 1—1 — 1— n which make the cell 
group 1 will be in a full charge state. 

[001 7] Although it is an ideal here that all of the rechargeable lithium-ion batteries 1-1 - 1-n are 
charged by even 4.1V by the same charging time, As a result of the internal characteristic of 
each rechargeable lithium-ion battery changing with progress of charging time and the capacity 
and internal resistance of a cell changing actually, imbalance arises in the terminal voltage of 
each rechargeable lithium-ion battery. For this reason, either reaches the charge completion 
voltage 4.1V previously among the rechargeable lithium-ion battery 1-1 - 1-n. In the example 
shown in drawing 3, the charge voltages V of rechargeable lithium-ion battery 1-n (1-n) reach 
the charge completion voltage 4.1V previously in the time t1, and other cells of the rechargeable 
lithium-ion battery 1-1 or 1-3 grade have not reached the charge completion voltage 4.1V. 
[0018]Here, if the cell group 1 is continuously charged by constant current with the first 
charging equipment 2 after rechargeable lithium-ion battery 1-n reaches the charge completion 
voltage 4.1V, rechargeable lithium-ion battery 1-n which already reached charge completion 
voltage will be a surcharge. So, when any one of the rechargeable lithium-ion batteries 1-1 - 1-n 
which make the cell group 1 changes into a full charge state, charge of the cell group 1 by the 
first charging equipment is stopped, and it charges at a time one cell of other rechargeable 
lithium-ion batteries which have not resulted in the full charge state with the second charging 
equipment 3. 

[0019]If it is specifically detected that rechargeable lithium-ion battery 1-n changed into the full 
charge state with the voltage probe 6, the switch S will be opened wide, it will set to OFF, and 
charge of the cell group 1 by the first charging equipment 2 will be suspended. And the switch 
S-1 - S-n+1 are closed selectively, it sets to ON, the second charging equipment 3 is used, and 
the rechargeable lithium-ion batteries 1a~1n which have not reached the charge completion 
voltage 4.1V are charged one by one by constant current for every cell so that it may explain 
below. 

[0020]Namely, when charging the cell group 1 for every cell, in turn as shown in drawing 2 , 
monitoring the terminal voltage of each cell using the voltage probe 6 like the switch S-1 , S-2 
and the switch S-2, S-3 and the switch S-3, and S-4, Two switches of the both ends which 
sandwich the rechargeable lithium-ion battery of each cell are selectively set to ON, and the 
second charging equipment 3 charges the rechargeable lithium-ion battery 1-1 - 1-n of one cell 
at a time one by one (every cell). 

[0021]The state of the switching circuit 5 in a series of charging operation by the first charging 
equipment 2 and the second charging equipment 3 is shown in drawing 2 . In this example, when 
charging the cell group 1 after a discharge end with the first charging equipment 2, the switch S 
is set to ON and all other switches S-1 - S-n+1 are set to OFF. Thereby, only the first charging 
equipment 2 is connected to the cell group 1, and this cell group 1 is charged by constant 
current. Then, if it is detected that any one of two or more rechargeable lithium-ion batteries 1- 
1 - 1-n which make the cell group 1 changed into the full charge state, the switch S will be set 
to OFF and charge by the first charging equipment 2 will be suspended. And only the two 
switches S-1 connected to both the terminals of the rechargeable lithium-ion battery 1-1 and 
S-2 are set to ON, and this cell is charged by the second charging equipment 3. If this cell will 
be in a full charge state, only the two switches S-2 connected to both the terminals of the 
rechargeable lithium-ion battery 1-2 and S-3 will be set to ON, and this cell will be charged by 
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even the full charge state. 

[0022]It charges one by one for every cell with the second charging equipment 3 to rechargeable 
lithium-ion battery 1-n like the following. Thereby, after all of the rechargeable lithium-ion 
batteries 1-1 - 1-n have reached the charge completion voltage 4.1V, the terminal voltage of the 
cell group 1 amounts to nx4.1V. Then, all the switches S-1 - S~n+1 are set to OFF, and the 
switch S is again set to ON. And the first charging equipment 2 carries out the float charge 
(constant potential charge) of the cell group 1 , and all of the rechargeable lithium-ion batteries 
1-1 - 1-n which make the cell group 1 prepare for the battery discharge in the next emergency 
in the state of a full charge. 

[0023](Embodiment 2), next this embodiment of the invention 2 are described. When there is a 
discharge request by interruption to service etc. in the midst of according to the above- 
mentioned Embodiment 1 turning off the switch S and performing single cell charge by the 
second charging equipment, it cannot respond to this request So, in this Embodiment 2, as 
shown in drawing 4 , 2 sets of cell groups 1 1 and 1 2 are mutually connected in parallel to the load 
4, and cell charge of these cell groups is performed complementarily. 

[0024]Composition is explained concretely. The first charging equipment 20 is for charging the 
cell groups 1 1 and 12, and is connected to the cell groups 11 and 12 via the switch SI and S2, 
respectively. The cell group 11 consists of the rechargeable lithium-ion battery 11-1 to 11-3 by 
which the series connection was carried out, and the cell group 12 consists of the rechargeable 
lithium-ion battery 12-1 to 12-3 by which the series connection was similarly carried out. The 
second charging equipment 30 is for charging the cell groups 1 1 and 1 2 for every cell, and is 
connected to the cell groups 11 and 12 via the switching circuits 51 and 52, respectively. The 
switching circuit 51 consists of switch S1 — 1 for choosing switch [ which was formed on the 
charge path of the first charging equipment 20 to the cell group 1 1 ] S1, and each terminal of 
rechargeable lithium-ion battery 11-1 to 11-3 - S1-4. The switching circuit 52 consists of 
switch S2-1 for choosing the switch S2 formed on the charge path of the first charging 
equipment 20 to the cell group 12, and each terminal of the rechargeable lithium-ion battery 12- 
1 to 12-3-S2-4. 

[0025]Next, the case where each cell is charged is explained about operation of this Embodiment 
2. First, the single cell of the cell group 1 1 is previously charged with the second charging 
equipment 30. Namely, the rechargeable lithium-ion battery 1 1-1 to 11-3 is charged for every 
cell, choosing the terminal of the rechargeable lithium-ion battery 11-1 to 1 1-3 one by one, and 
monitoring the voltage of this selected terminal by the switching circuit 51. After charge of the 
single cell of this cell group 1 1 is completed, it shifts to charge of the single cell of the cell group 
12 after that. Namely, the rechargeable lithium-ion battery 12-1 to 12-3 is charged for every 
cell, choosing the terminal of the rechargeable lithium-ion battery 12-1 to 12-3 one by one, and 
monitoring the voltage of this selected terminal by the switching circuit 52. 
[0026]Thus, according to this Embodiment 2, the cell group 1 1 or the cell group 12 will always be 
connected in parallel to the load 4 in the state which can be discharged. Therefore, even if there 
is a discharge request in an emergency by interruption to service etc. in the midst of performing 
single cell charge by the second charging equipment 30, it becomes possible to correspond to 
this. After any one rechargeable lithium-ion battery reaches a full charge state according to the 
above-mentioned embodiment, Since terminal voltage is monitored for every cell and it was 
made to charge, the surcharge and insufficient charging resulting from the imbalance (namely, 
capacity of each cell and variation of internal resistance) of the terminal voltage between cells 
are easily cancelable, Two or more rechargeable lithium-ion batteries are charged with sufficient 
balance even at a full charge state, and the cell group which consists of these rechargeable 
lithium-ion batteries can be charged even at a full charge state. Therefore, it becomes possible 
to utilize the capability of each rechargeable lithium-ion battery effectively. 
[0027]By what the balance of a cell is adjusted for with two kinds of charging equipment with 
which the purposes differ the charge of two or more rechargeable lithium-ion batteries by which 
the series connection was carried out according to the above-mentioned embodiment. Cheap 
rechargeable lithium-ion battery charging equipment can be realized easily, without requiring 
complicated electronic parts and a highly precise voltage decision circuit. This invention is 
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variously deformable in the range which is not limited to an above-mentioned embodiment and 
does not change a gist. For example, in each above-mentioned embodiment, although a cell 
group shall be used as an object for backup, also when using this cell group as a main power 
supply, this invention can be applied, without being limited to this. 

[0028](Embodiment 3), next this embodiment of the invention 3 are described. If all of the 
rechargeable lithium-ion batteries 1-1 - 1-n which make the cell group 1 with the second 
charging equipment 3 are charged by even 4.1V according to the above-mentioned Embodiment 
1, The terminal voltage of the cell group 1 is set to nx4.1V, and the cell group 1 shifts to the 
state where the float charge was carried out by the first charging equipment 1 on the voltage of 
nx4.1 V, after that. If the state of this float charge attains to a long period of time, will originate in 
the variation (for example, variation of internal resistance) on the characteristic of two or more 
rechargeable lithiumHon batteries which form the cell group 1 , and imbalance will arise in the 
terminal voltage of each cell (rechargeable lithium-ion battery), As a result, the service capacity 
of the eel) group 1 may fall and discharging duration may become short. 
[0029]The terminal voltage of each cell of the cell group 1 in a float charge state is shown in 
drawing 5 (a). The terminal voltage of the cell group 1 which consists of n rechargeable lithium- 
ion batteries is maintained by nx4.1V supposing the case where the example shown in this figure 
carries out the float charge of the cell group 1 with the first charging equipment 2 as per [ 4.1V ] 
one cell in above-mentioned Embodiment 1 . In early stages of charge, although the terminal 
voltage of each cell has gathered comparatively, in connection with the float charge passage of 
time, variation arises gradually in the terminal voltage of each cell, and the tendency which the 
variation expands gradually is shown, so that I may be understood from the figure. Thus, if 
variation exists in the terminal voltage of each cell, the terminal voltage of two or more 
rechargeable lithium-ion batteries 1-1 by which the series connection was carried out - the 
rechargeable lithium-ion battery (cell) of the part among 1-n will fall. For this reason, in order 
that the service capacity of the cell group 1 may receive the restrictions of a cell to which 
terminal voltage fell, a charging time value becomes short An example of the discharge 
characteristic (discharge current regularity) of each cell is shown in drawing 6 . In the figure, the 
degree of the fall of the discharge voltage by variation shows the adult case into smallness the 
characteristic curve Via, V1c, and V1n. A charging time value (tl) until it reaches discharge final 
voltage (3V) becomes short, so that I may be understood from the figure and the degree of a fall 
of discharge voltage is large. 

[0030]If terminal voltage falls [ in addition to the inconvenience about an above-mentioned 
charging time value 3 extremely by overdischarge in the case of a rechargeable lithium-ion 
battery, When elution of copper which is a charge collector of the negative electrode occurs, as 
a result of receiving damage and cell capacity's falling remarkably, the inconvenience of 
becoming short whether you being Haruka rather than the time when the electric power supply 
time (charging time value) from the cell group 1 to the load 4 was designed is also held. For this 
reason, a rechargeable lithium-ion battery is protected from overdischarge, and also [ required ] 
it is necessary to prevent the terminal voltage of each rechargeable lithium-ion battery from 
falling extremely. Inconvenience with the same said of Embodiment 2 exists. The rechargeable 
lithium-ion battery charging equipment concerning this Embodiment 3 is provided with the 
following. 

The function to cancel inconvenience which was mentioned above and to suppress the variation 
in the terminal voltage of each rechargeable lithiumHon battery which forms the cell group 1 in a 
float charge state. 

The function which protects each rechargeable lithium-ion battery from overdischarge. 

[0031]Hereafter, above-mentioned drawing 1 is used and the rechargeable lithium-ion battery 
charging equipment concerning this Embodiment 3 is explained with reference to drawing 5 
thru/or drawin g 7. Although the composition of the rechargeable lithium-ion battery charging 
equipment concerning this Embodiment 3 is fundamentally [ as the composition of the 
rechargeable lithium-ion battery charging equipment concerning Embodiment 1 shown in above- 
mentioned drawing 1 ] the same, the operating states of the first charging equipment 2 in a float 
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charge differ. The relation of each operating state of the first charging equipment 2 and the 
second charging equipment 3 and output state concerning this Embodiment 3 is shown in 
drawing 7 . It is the operational mode corresponding to "the cell group constant current charge 
by the first charging equipment" and "the single cell constant current charge by the second 
charging equipment" which show drawing 2 "recovery charge mode" in the figure, "Float charge 
mode" is the operational mode corresponding to "the cell group float charge by the first charging 
equipment." "The first charge voltages" is voltage (this example nx4.1V) which appears as 
terminal voltage of the cell group 1 by having charged two or more rechargeable lithium-ion 
batteries 1-1 - 1-n by the second charging equipment 3. Furthermore in the limit which can be 
regarded as having the cell group 1 in a full charge state, "the second charge voltages" is the 
predetermined voltage set up lower than the first charge voltages. According to this Embodiment 
3, the minimum of the second charge voltages shall be 100 mV, and the second charge voltages 
are set as about 4.05V per one cell. About the state (ON/OFF) of the switch S in each mode of 
"the cell group constant current charge by the first charging equipment", "the single cell 
constant current charge by the second charging equipment", and "the cell group float charge by 
the first charging equipment" shown in drawing 7 , S-1 - S-n+1, it is the same as that of drawing 
2. 

[0032]In "recovery charge mode", about the item of "the cell group constant current charge by 
the first charging equipment", the first charging equipment 2 is set to "ON", and the second 
charging equipment 3 is set to "OFF" so that I may be understood from the figure. At this time, 
the first charging equipment 2 outputs the first charge voltages. In "recovery charge mode", 
about the item of "the single cell constant current charge by the second charging equipment", 
the first charging equipment 2 is maintained by "ON" and the second charging equipment 3 is 
set to "ON." At this time, the both sides of the first charging equipment 2 and the second 
charging equipment 3 output the first charge voltages. Then, it shifts to float charge mode from 
recovery charge mode, and control of "the cell group float charge by the first charging 
equipment" is performed. In this item, the first charging equipment 2 is maintained by "ON" and 
the second charging equipment 3 is set to "OFF." At this time, the first charging equipment 2 
outputs the second charge voltages. Thus, if it shifts to a float charge, the cell group 1 will be 
set as the second charge voltages lower than the first charge voltages. 
[0033]The terminal voltage of each rechargeable iithium-ion battery at the time of setting 
terminal voltage per one cell to 4.05V, and setting the second charge voltages as drawing 5 (b) is 
shown. Over a long period of time, also in a float charge state, the variation in the terminal 
voltage of each rechargeable lithium-ion battery which forms the cell group 1 is controlled small, 
and, moreover, this variation hardly expands the cell group 1 so that I may be understood from 
the figure. Although the second charge voltages were set up as per [ 4.05V ] one cell at the time 
of an above-mentioned float charge, this is an example and should just set up the second charge 
voltages appropriately according to the characteristic of the cell used for a cell group. The same 
may be said of the lower limit. As mentioned above, in recovery charge mode, the cell group 1 is 
charged with the first charge voltages like above-mentioned Embodiment 1 , and the second 
charge voltages lower than the first charge voltages perform the float charge of the cell group 1 
in float charge mode. Thereby, the fall of the variation in the terminal voltage of each ceil in a 
float charge period and the terminal voltage of division each cell was controlled, and the service 
capacity of the cell group 1 is secured. 

[0034]Next, the function for preventing the overdischarge of a rechargeable lithium-ion battery 
is explained. As mentioned above, it is necessary to prevent the overdischarge of the 
rechargeable lithium-ion battery which forms the cell group 1 . When discharge is performed from 
the cell group 1 to the load 4 in this Embodiment 3 in an emergency, When the terminal voltage 
of each cell which makes the cell group 1 is monitored with the voltage probe 6 and the terminal 
voltage of which cell falls even to a predetermined value, discharge of the cell group 1 to the 
load 4 is stopped by making the switch S open wide. This prevents the overdischarge of each 
rechargeable lithium-ion battery which forms the cell group 1 . Although the predetermined 
voltage (monitor value by the probe 6) which is the conditions for opening the switch S changes 
with components of a rechargeable lithium-ion battery, in what uses cobalt acid lithium and 
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manganic acid lithium for an anode, per [ 2.5V ] one cell becomes a rule of thumb. Embodiment 3 
was described above. 

[0035]As mentioned above, although this embodiment of the invention was described, this 
invention is not limited to an above-mentioned embodiment, and includes the design variation in 
the range which does not deviate from the gist of this invention. For example, although premised 
on the composition of Embodiment 1, the composition of Embodiment 2 may consist of above- 
mentioned Embodiments 3 similarly as a premise. Although the control for reducing the charge 
voltages in float charge mode and the control for preventing overdischarge shall be used 
together in above-mentioned Embodiment 3, Without being limited to this, it is good also as what 
performs control [ which 3, and may combine with these control and above-mentioned 
Embodiments 1 and 2 how. 
[0036] 

[Effect of the InventionjAs explained above, according to this invention, each cell voltage of two 
or more rechargeable lithium-ion battery cell groups by which the series connection was carried 
out is detected, Since charge by the first charging equipment was suspended, and it was made to 
charge in order with the second charging equipment to other cells if any one cell reached charge 
completion voltage until it reached charge completion voltage, It becomes possible to charge 
efficiently [ when standing by in the state of a float charge ] the cell group which consists of two 
or more rechargeable lithium-ion batteries by which the series connection was carried out, and 
such rechargeable lithium-ion battery charging equipment can be realized cheaply. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL HELD 



[Field of the Invention]This invention relates to the rechargeable lithium-ion battery charging 
equipment and the method for charging a rechargeable lithium-ion battery. Two or more 
rechargeable lithium-ion batteries are the things about the charging equipment and the method 
of performing charge of each single cell in the ceil group connected series and in the shape of 
parallel with sufficient balance in detail, It is related with the art of charging cheaply and 
efficiently the cell group used standing by by a charging state by a float charge without using a 
complicated control circuit. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



EFFECT OF THE INVENTION 



[Effect of the Invention]As explained above, in this invention, each cell voltage of two or more 
rechargeable lithium-ion battery cell groups by which the series connection was carried out is 
detected, When any one cell reached charge completion voltage, charge by the first charging 
equipment was suspended, and it was made to charge in order with the second charging 
equipment to other cells until it reached charge completion voltage. 

Therefore, it becomes possible to charge efficiently [ when standing by in the state of a float 
charge ] the cell group which consists of two or more rechargeable lithium-ion batteries by 
which the series connection was carried out, and such rechargeable lithium-ion battery charging 
equipment can be realized cheaply. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] Generally, mobile radio communication apparatus, such as a 
portable telephone and a cordless telephone, is begun, and many rechargeable lithium-ion 
batteries with high volume energy density and weight energy density are used in the video 
camera or the notebook sized personal computer.This rechargeable lithium-ion battery carries 
out the series connection of the plurality, and is used as a cell group, and usually is used as a 
power supply of the above-mentioned electronic equipment. 
[0003] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
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3.1n the drawings, any words are not translated. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention]By the way, charge completion voltage is 
conventionally set as the constant value of per [ 4.1V or 4.2V ] single cell as a charging system 
of a rechargeable lithium-ion battery, After charging with a constant current value and reaching 
charge completion voltage until cell voltage reaches such charge completion voltage, the 
constant current and the constant-potential-charge method which shifts to constant potential 
charge are adopted. If charge completion voltage per single cell is set to 4.1V, for example when 
charging the cell group which consists of n rechargeable lithium-ion batteries (n is arbitrary 
natural numbers) by which the series connection was carried out according to this method, 
constant current charge will be performed to a cell group until the terminal voltage of a cell 
group is set to nx4.1 V. 

[0004] However, if imbalance exists in the terminal voltage between cells, before the terminal 
voltage of a cell group amounts to nx4.1V, the state where any one cell reaches charge 
completion voltage, and other cells have not reached charge completion voltage will happen. For 
this reason, it is carried out by constant current charge continuing to the cell which reached 
charge completion voltage previously, and there is a problem that the rechargeable lithium-ion 
battery of this cell will be in an overcharging condition. 

[0005]This problem is explained further. If each capacity and internal resistance of a 
rechargeable lithium-ion battery are always the same when charging the cell group which 
consists of two or more rechargeable lithium-ion batteries by which the series connection was 
carried out by a float charge method, all the rechargeable lithium-ion batteries can be charged 
with sufficient balance. However, dispersion in some exists in the capacity and internal 
resistance of each rechargeable lithium-ion battery actually. Even if the internal resistance of 
each rechargeable lithium-ion battery is the same in the first stage, the internal characteristic of 
a cell changes in connection with the passage of time, and the capacity and internal resistance 
of each rechargeable lithium-ion battery also change with float charges. As a result, the balance 
on the characteristic of each rechargeable lithium-ion battery will collapse, and the specific 
rechargeable lithium-ion battery which forms a cell group will be in an overcharging condition. 
[0006]If a cell group reaches a full charge state, constant current charge will be completed, but 
when a specific rechargeable lithium-ion battery will be in an overcharging condition, charge will 
be completed in the state where other rechargeable lithium-ion batteries which form this cell 
group do not reach a full charge state. Therefore, there is also a problem of it becoming 
impossible to fully utilize the capability which these rechargeable lithium-ion batteries hold. Thus, 
according to the conventional charging system, there is a problem that each rechargeable 
lithium-ion battery which forms a cell group cannot be charged with sufficient balance even at a 
full charge state. 

[0007]The place which this invention makes that purpose in light of the above-mentioned 
circumstances, It is in providing the rechargeable lithium-ion battery charging equipment and the 
method of making it possible to charge cheaply and efficiently the cell group which consists of 
two or more rechargeable lithium-ion batteries by which the series connection was carried out, 
when standing by in the state of a float charge. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
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1-This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



MEANS 



[Means for Solving the Problem]ln order to solve an aforementioned problem, this invention has 
the following composition. Rechargeable lithium-ion battery charging equipment concerning an 
invention indicated to claim 1 , In charging equipment for charging a cell group which consists of 
two or more rechargeable lithium-ion batteries by which the series connection was carried out, 
The first charging equipment that charges said cell group, and a switch switching means for 
choosing a terminal of each rechargeable lithium-ion battery which forms said cell group, 
Monitoring voltage of a terminal with said selected switch switching means, it had the second 
charging equipment that charges two or more rechargeable lithium-ion batteries which form said 
cell group for every cell, and was constituted. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a figure showing the composition of the rechargeable lithium-ion battery charging 
equipment concerning this embodiment of the invention 1 . 

[Drawing 2] It is a figure for explaining the switching condition (ON/OFF) of the switch which the 
rechargeable lithium-ion battery charging equipment concerning this embodiment of the invention 
1 has. 

[Drawin g 3]lt is a figure showing the voltage characteristic and the current characteristic at the 
time of charge of the rechargeable lithium-ion battery concerning this embodiment of the 
invention 1. 

[Drawing 4] lt is a figure showing the composition of the rechargeable lithium-ion battery charging 
equipment concerning this embodiment of the invention 2. 

[ Drawing 5] lt is a characteristic figure showing the characteristic of the terminal voltage (at the 
time of a float charge) of the cell group by the rechargeable lithium-ion battery charging 
equipment concerning this embodiment of the invention 3. 

[Drawing 6] lt is a characteristic figure for explaining the variation in the terminal voltage (voltage 
at the time of discharge) of the cell group concerning this embodiment of the invention 3. 
[Drawing 7] It is a figure for explaining operation of the rechargeable lithium-ion battery charging 
equipment concerning this embodiment of the invention 3. 
[Description of Notations] 

1, 11, 12 — Cell group (two or more rechargeable lithium-ion batteries by which the series 
connection was carried out) 

1-1 - 1-n — Rechargeable lithium-ion battery (cell) 

2, 20 — The first charging equipment 

3, 30 — The second charging equipment 
4 — Load 

5,51,52 — Switching circuit 
6, 60 — Voltage probe 
S, SI, S2 — Switch 

S-1 - S-n+1, S1-1 - SI -4, S2-1 - S2-4 — Switch 
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DRAWINGS 

[Drawing 1] 



1-1 1- 2 t-3 1-4 



s i 



S 7 1 



S-2 



S-3 



.X 



S-4 



"2? 



IF 





Sill 






te/H-1 








feJU-n 




s 


ON 


OFF 


OFF 


OFF 




OFF 


ON 


S-l 


OFF 


ON 


OFF 


OFF 




OFF 


OFF 


S-2 


OFF 


ON 


ON 


OFF 




OFF 


OFF 


S-3 


OFF 


OFF 


ON 


ON 




OFF 


OFF 


S-4 


OFF 


OFF 


OFF 


ON 




Off 


OFF 


I I X I I I I I 


S-n 


OFF 


OFF 


OFF 


OFF 




ON 


OFF 


S-n+1 


OFF 


OFF 


OFF 


OFF 




ON 


OFF 



[DLawinall 



http:/ / www4.ipdl.inpit.go.jp/cgiH3in/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fwww4.i... 2008/04/1 4 



JP,2003-157908,A [DRAWINGS] 



2/3 ^— v 




http://www4jpdlanpit.gojp/cgi-bin/tran_web_cgi_ejye?atw_u=http%3A%2F%2Fwvvw4j... 2008/04/14 



JP.2003-157908.A [DRAWINGS] 



3/3 K— i? 




[Translation done.] 



http://www4Jpdljnpit.gojp/cgi^bin/tran_web_cgi_eje?atw_u=http%3A%2F%2Fwww4.i... 2008/04/14 



